conservación por conectividad efectiva en paisajes fragmentados. En los ecosistemas boscosos, los organismos que dependen de la madera seca (es decir, saproxílicos) son afectados negativamente por el manejo forestal y la degradación a nivel mundial. Revisamos la ecología de la dispersión establecida empíricamente de insectos y hongos saproxílicos. Nos enfocamos en estudios directos (p. ej.: captura -recaptura, radiotelemetría), experimentos de campo y análisis genéticos poblacionales. Encontramos dos resultados opuestos en cierto modo. Con base en métodos directos y experimentos la dispersión está limitada dentro de unos cuantos kilómetros, mientras que los estudios genéticos mostraron una estructura genética mínima a través de decenas de kilómetros, lo que indica una dispersión a larga distancia. La extensión de los estudios directos de dispersión y los experimentos de campo fue reducida y por esto estos estudios podrían no haber detectado la dispersión a larga distancia. Se requieren más estudios a escalas relevantes para el manejo (1-10 km), particularmente para los hongos. Los genetistas utilizaron marcadores obsoletos, investigaron pocos loci, y se enfrentaron a las dificultades inherentes de la inferencia de la dispersión a partir de la estructura genética de la población. Aunque hubo diferencias sistemáticas y específicas por especie en la capacidad de dispersión (los hongos son mejores dispersores que los insectos), parece ser que para ambos grupos la colonización y el

Introduction
Habitat loss and degradation affects species persistence in all ecosystems. Forests are the most diverse terrestrial ecosystem but are declining in area and quality. In many regions, the proportion of primary or old-growth forest to all forest area has declined below 10% (Schmitt et al. 2009) , and the remaining areas are relatively small and isolated fragments amid managed landscapes. In such landscapes, the negative effects of decreased connectivity on species persistence should be more pronounced than in landscapes with more habitats (Rybicki & Hanski 2013) . Furthermore, the ecological quality of protected and managed forests, manifested in high numbers of deadwood and veteran trees, has been deteriorated by forest management (Chaudhary et al. 2016) . Due to the loss of area, increased fragmentation, and decline in quality of old-growth forests, many deadwood-dependent species (i.e., saproxylics) have become threatened (Stokland et al. 2012) . Globally, the estimated number of saproxylic species is 0.4-1 million. In well-studied northern Europe, they account for 25% of all forest species, comprising mostly fungi and invertebrates (Stokland et al. 2012) . Ecologically and economically effective connectivity conservation requires dispersal knowledge; unfortunately, dispersal ecology of saproxylics is particularly poorly known, and there has been no synthesis of the matter. Dispersal is a fundamental ecological process that influences distribution of genetic and taxonomic diversity in all ecosystems (Trakhtenbrot et al. 2005) . Dispersal can be defined as the movement of organisms, propagules, or genes, and it can be quantified as the rate of movement or distance moved (Driscoll et al. 2014) . For successful colonization, dispersing individuals and propagules must also remain viable and establish in the new environment. Connectivity describes how well species can move among habitat patches, and it can be measured as dispersal success or search time (Tischendorf & Fahrig 2000) . Because such detailed knowledge of species dispersal behavior is rarely available, connectivity is often measured as landscape structure, preferably within the assumed dispersal distances of target species (Moilanen & Nieminen 2002; Kindlmann & Burel 2008) . The aim of connectivity conservation is to facilitate dispersal among habitat patches to enhance genetic exchange and recolonization, dampen of population fluctuations, and, ultimately, maintain viable populations and evolutionary potential (Driscoll et al. 2014) .
The empirical evidence on dispersal ability of and the importance of connectivity to saproxylics is mainly indirect. It is based on comparisons of species richness and presence or absence in stands with different spatiotemporal isolation or in landscapes with different levels of fragmentation (Sverdrup-Thygeson et al. 2014) . If carefully designed, such occupancy studies can provide valuable insights on the importance of dispersal and connectivity, but few researchers have been able to disentangle the relative importance of habitat connectivity from habitat amount (or dispersal limitation from habitat limitation) at management-relevant scales (Fahrig 2013) . For saproxylics, these studies have been at very small substrate scales (Schiegg 2000a (Schiegg , 2000b , have entailed vague proxies for dispersal limitation (Janssen et al. 2016) , or have been conducted in continuous forest landscapes, which hampers habitat quantification (Seibold et al. 2017) . The other confusing issue is related to ordinary connectivity measures. They generally incorporate the amount of habitat surrounding a focal patch (Moilanen & Nieminen 2002) or the total amount of habitat in a landscape (Kindlmann & Burel 2008) . Combining habitat amount and spatial arrangement is ecologically justified, but researchers who have reported significant effects of habitat connectivity (e.g., Laaksonen et al. 2008; Abrego et al. 2015) have not been able disentangled habitat amount and connectivity satisfactorily (Fahrig 2013) . This is often ignored in ordinary language and practical management.
Disentangling the relative importance of habitat amount and connectivity is important because conservation managers must prioritize limited resources among different management actions. The unavoidable result of prioritization is that " . . . every sensible thing we do is another sensible thing we don't" (Gilbert 2011). Stepping stones and corridors, for example, are widely advocated in international and national forest policies, as well as in practical conservation, to increase connectivity (Bennett & Mulongoy 2006; Päivinen et al. 2011; Mergner 2014; U.S. Forest Service 2015) . Their deployment may limit the use of other tools that are more ecologically sound, such as setting aside good-quality habitat or improving habitat quality through restoration. Without species-specific knowledge of dispersal behavior and ecology, one cannot scale the effect of distance in the ordinary connectivity measures or determine the appropriate scale of management actions (Ranius et al. 2011a) ; hence, connectivity management is speculative at best.
We reviewed the empirical evidence on dispersal ability of saproxylic insects and fungi, focusing on direct studies (flight mills, mark-recapture [MRR] , and radiotelemetry), colonization experiments in the field, and analyses of population genetics. We considered challenges in measuring dispersal for saproxylics and practical conservation implications. Although most of the studies we considered were on saproxylics in boreal and temperate Europe, we did consider other forest organisms and ecosystems.
Methods
We searched for peer-reviewed articles on direct studies (e.g., MRR, radiotelemetry), field experiments, and analyses of population genetics in Web of Science (11 October 2016) with the keywords "saproxylic" and "dispersal," and "wood-decaying" and "dispersal." The reference lists of all articles were examined for additional studies. Only articles in English were included, with one exception. From each paper we extracted information on taxa, geographic area, method (telemetry, MRR, genetics, flight mill, and field experiment), tree species (conifer or broadleaved), study extent (kilometers, area), dispersal rate (colonization or spore production rate), and maximum dispersal distance (meters). For insects we also extracted information on microhabitat: basidiome, subcortical, wood, tree hollow, and subterranean. We selected the maximum dispersal distance because it was available in most studies and long-distance dispersal ability is critical for population spread and maintenance of genetic diversity. We did not exhaustively review the literature on some pest species, but we likely covered most, if not all, studies on rare and threatened species. When a study included several methods or species, we considered each independently, whereas studies that were replicated over years in the same site were not considered separate studies.
To summarize the results of the dispersal studies, we divided them into 5 scale categories: local, <50 m, vicinity of a deadwood object; stand, 50-1000 m, the common forest management unit in Europe; landscape, 1-10 km, typical of spatial conservation planning; regional, 10-500 km, many state and federal state administrative units; and continental, >500 km.
Results
Overview
Altogether we found 78 papers on dispersal of saproxylic species (Supporting Information). Seventy-nine percent of the studies were from Europe, 12% from North America, 6% from temperate Asia, and 3% from the tropics. Seventy-two percent of the studies were on invertebrates, mostly on Coleoptera, and the rest were on fungi. All fungal studies, except one, were from Europe. Fifty-five percent of the studied invertebrate species and all the studied rare invertebrates were associated with broadleaved trees. The studies on conifer-associated species were almost exclusively on pests or their predators. Forty-three percent focused on subcortical species, 20% on fungivores, 16% on wood borers, and 16% on tree-hollow-dwelling species. Fungal studies were mainly (77%) on spruce-associated species.
Altogether 27 invertebrate and 18 fungal species had been studied (excluding studies on the entire community). There were more studies on common insects (n = 10) than on rare species (n = 7). The latter species were the beetles Oplocephala haemorrhoidalis, Osmoderma eremita/barnabita (the latter is recently split from O. eremita), Lucanus cervus, Rosalia alpina, Elater ferrugineus, the fly Hammerschmidtia ferruginea, and the pseudoscorpion Larca lata. Ten common and 8 rare fungi species had been studied, the latter focusing on Fomitopsis rosea and Phlebia centrifuga.
MRR studies (n = 25) and genetics (n = 12) were the most common methods in studies of invertebrates and fungi, respectively. Field experiments and population genetic studies of insects and fungi covered all 5 spatial scales we examined; only a few studies were available at the continental scale for insects or at the landscape scale for fungi ( Fig. 1 ; Supporting Information).
Insects
MRR studies (n = 25 studies, 15 species) generally had a limited spatial extent (median = 1000 m, maximum = 7000 m, n = 16; or median = 1 ha, maximum = 40 ha, and n = 10; one study included two species, hence n = 26). Based on the MRR studies, 10-89% of the individuals dispersed from the release site. The median of the maximum dispersal distances was 1000 m (minimum = 59, maximum = 5300 m; n = 25) (Fig. 2) . One of the longest dispersal distances (4-5 km) was documented for a rare aspen-associated syrphid fly (Rotheray et al. 2014 ). Different methods gave rather similar dispersal distances for the rare hermit beetle (Osmoderma spp.) (Fig. 3) , but the dispersal rates and distances seemed smaller for the Swedish populations than for the more southern European populations.
In the radiotelemetry studies (n = 5 studies, 3 species), 12-75% of the individuals dispersed from the release site. The study extent or search-area radius ranged from 500 m to 2 km, and the dispersal distances from 180 m to 2065 m. Half of the studies documented dispersal over 1 km. Most telemetry studies were on O. eremita (n = 4). Again, the shortest observed distances were for Swedish populations (maximum = 330 m, mean = 82 m), whereas in Italy 39% dispersed farther than 250 m (maximum = 1504 m), and in France the maximum distance was 700 m.
Flight mill studies (n = 10 studies, 11 species) indicated very high dispersal potential, measured as either flight time or distance. The average of the maximum flight distances was 53 km (n = 6). The record distance of 125 km was documented for the beetle Bolitophagus reticulatus; a rare closely-related O. haemorrhoidalis dispersed 29 km (Jonsson 2003) . Continuous flight for hours was regularly observed.
Figure 1. Number of experimental and genetic studies of saproxylic insects and fungi at different scales relative to dispersal limitation (diagonal lines, non-European studies). One study may have included many scales (see Supporting Information).
Field experiments (n = 10 studies, 61 species) evaluated dispersal distances by placing traps at different distances from source populations or at different landscapes in terms of habitat availability. Most field experiments were conducted at the local to landscape scale (see Supporting Information). The maximum trapping distance from source populations was typically <3 km, and many invertebrate species successfully colonized over 1 km. In one study, many pest beetle species were observed 10-171 km from the suspected sources (Nilssen 1984) . The studies that documented dispersal limitation at the scale of 1-10 km were multispecies studies, and some species were always able to disperse the maximum study distance. In the genetic study, the distance is average, not maximum.
Conservation Biology
Genetic differentiation of populations was reported in 7 studies and 10 species. Generally, there was little genetic differentiation over hundreds of kilometers (Supporting Information). Two flightless pseudoscorpions living in tree hollows revealed very little genetic differentiation up to 500 km (Ranius & Douwes 2002) . Genetic differentiation of the threatened R. alpina was very low among populations up to 600 km . Populations of O. barnabita had positive kinship up to 10 km, indicating dispersal limitation at this scale, but the estimated average dispersal distance was an order of magnitude larger than that reported for Osmoderma spp. by other methods (Oleksa et al. 2013) . For beetles living in fungal basidiomes, all studies (except one) revealed a lack of genetic differentiation over tens or hundreds of kilometers. Genetic studies used amplified fragment length polymorphism (AFLP), random amplification of polymorphic DNA (RAPD), and protein markers. The average number of loci examined was 43, but the range was considerable (3-105).
Fungi
Field experiments (n = 10 studies, 12 species; 1 study examined the entire community) evaluated dispersal distances by placing traps at different distances from source populations or at different landscapes in terms of habitat availability. Field experiments were conducted at all spatial scales (see Supporting Information). The maximum distance traps were placed from the source populations was typically 1 km. In all studies, spores were trapped from the maximum distance studied, even from a remote oceanic island at least 50 km from the nearest potential source (Kallio 1970) and from an urban rooftop over 1000 km from the potential source (Hallenberg & Küffer 2001) . The spore deposition rates varied greatly within species and ranged from tens to hundreds of thousands of spores per square centimeter per hour for common and rare species (Möykkynen et al. 1997; Norros et al. 2012) . The background deposition rates for rare species in forest landscapes ranged from a few to hundreds of spores per square meter per day (Edman et al. 2004a (Edman et al. , 2004b (Edman et al. , 2004c . In some cases, these background levels were reached <100 m from the source (Norros et al. 2012) .
Genetic differentiation of populations was reported in 12 studies and 9 species. Similar to field experiments, all scales had been studied, although there was only one study at the scale of 1-10 km (Supporting Information). The observed genetic differentiation was mainly at the larger scales (Fig. 1) . For the old-growth forest specialists F. rosea, P. centrifuga, and Phellinus nigrolimitatus, there was very little or no genetic differentiation and isolation by distance over hundreds of kilometers. Phlebia centrifuga, for example, showed very little to moderate genetic differentiation and no clear isolation by distance for the majority of populations across Fennoscandia, although the most isolated population showed the highest differentiation from the other populations. Genetic studies used arbitrary primed polymerase chain reaction, restriction length polymorphism, inter simple sequence repeat (ISSR), allele-specific amplification, RAPD, and AFLP. These studies typically included only about 10 loci (but see Parrent et al. 2004 ).
Discussion Insects
Direct methods indicated that the dispersal of saproxylic insects is limited to a few kilometers from source populations. Although MRR and telemetry are suitable for measuring movement in nature, they regularly miss
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Volume 32, No. 3, 2018 the important long-distance dispersal. Furthermore, the extent of the direct dispersal studies was small; thus, they could not have detected long-distance dispersal. Realistic estimates of dispersal distance in MRR studies, even for small insects, may require a study area of at least 50 km 2 and over 500 recaptured individuals (Franzén & Nilsson 2007) . Only one-third of the reviewed studies included over 500 recaptured individuals, and, with one exception, none covered a distance over 2 km. There were several anecdotal reports on dispersal distances (4-14 km) (Fielding et al. 1991; Hanks et al. 1998; Etxebeste et al. 2016 ) that were way beyond the distances observed in direct studies. Flight-mill studies further indicated that dispersal ability per se may not be a limiting factor. Although flight mills are unnatural and may over-or underestimate dispersal ability (Riley et al. 1997) , they may reveal physiological limitations to flying and can be used to compare flight abilities of different species, sexes, and ages in a standardized way (Jonsson 2003) .
Field experiments in which substrate baits or traps were placed at different distances from the known or suspected source populations revealed a high variability in maximum dispersal distances, from tens of meters to 171 km. Nevertheless, the target species (or some of them in multispecies studies) colonized the maximum distance in all studies. Field experiments can also be used to measure colonization, not just dispersal. For example, some studies documented larvae galleries and exit holes, which indicate successful colonization (Nuorteva & Nuorteva 1968; Nilssen 1984; Ranius et al. 2011b ). The drawback of field experiments is that the origin of the colonizers remains uncertain, unless combined with marking of individuals (Rotheray et al. 2014 ). Most of the experimental studies, however, could not fully exclude the possibility of other than the assumed sources for individuals. Nevertheless, field experiments in which logs are placed in treeless tundra or islets are as good as they can get.
Population genetic studies on insects revealed genetic differentiation, as well as isolation by distance, among the studied populations. There was less evidence for genetic differentiation at the scale of thousands of meters than at larger scales. Genetic differentiation among populations, however, provides only indirect evidence of contemporary dispersal because it reflects also historic dispersal rates, bottlenecks, and extinction-colonization dynamics (Driscoll et al. 2014) . Genetic studies on saproxylic insects are more recent than on fungi. Only 1 study used the now outdated RAPD and ISSR markers (Rabouam et al. 1999) , and a larger number of loci were investigated, which is crucial to reliable quantification of population genetic structure. There are also new statistical approaches for inferring dispersal from genetic data (Driscoll et al. 2014 ) (see Oleksa et al. [2013] and for examples on saproxylics). Despite these advances, genetic analyses may best be applied in combination with other methods.
There is evidence for systematic differences in species dispersal ability among ecological groups. Pioneer species, such as many bark beetles and cerambycids, are subcortical and wood boring and seem to have better dispersal ability than the species in tree hollows or in wood at advanced stages of decay. Some flightless saproxylics, however, appear to be efficient dispersers due to their hitchhiking strategy (Ranius & Douwes 2002) . The good dispersal ability of pioneer species is biologically plausible because the first decay stages are shorter than later decay stages, which could select for better dispersal ability (Stokland et al. 2012 ). The observed long-distance dispersal of many pioneer pest species should be generalized to rare species with caution (Ranius 2006) . Nevertheless, reviewed flight-mill studies and some of the genetic studies did not indicate consistent differences between pests and other saproxylics. The apparent superior dispersal ability of some pest species may be partly explained by the fact that the number of long-distance dispersers depends positively on population size, which for pests is enormous during outbreaks. Finally, pheromone traps have been extensively used to study pest species, which makes long-distance trapping more effective. Pheromone trapping of rare saproxylics is just taking its first steps Svensson et al. 2011) .
Fungi
Experimental studies on spore deposition of wooddecaying fungi showed that fungi produce enormous amounts of spores. Although most spores land near the source basidiome (Edman et al. 2004a; Norros et al. 2012) , spores can travel hundreds of kilometers (Kallio 1970; Hallenberg & Küffer 2001 ). Yet, there is high interspecific variability in spore dispersal, which might be partly explained by species' traits (e.g., spore size and shape). Species traits could also explain interspecific differences in colonization and establishment (Kauserud et al. 2008 ), but studies are few (Nordén et al. 2013; Norros et al. 2014) . Considering fungi as a whole, many species can disperse kilometers (Peay et al. 2012) , and potential for intercontinental dispersal seems not to be an exception (Brown & Hovmøller 2002; Geml et al. 2012) . Similarly, red-listed epiphytic lichens have been shown to disperse over several kilometers, establishment being the limiting factor for the colonization of new sites in forest landscapes (Gjerde et al. 2015) or new trees in old-growth forest landscapes (Ronnås et al. 2017) .
The reviewed experimental studies shared some methodological problems that may have led to underestimates of dispersal distances. The spore-trapping distances in most experiments were <1 km, which made it impossible to detect long-distance dispersal. Furthermore, traps (petri dishes) were exposed to spore rain only for a few hours. Yet, the 5% colonization rates at the maximum distances are relatively high (e.g., Norros et al.
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Volume 32, No. 3, 2018 2012), and a downed log with hundreds to thousands of times the area has much higher colonization probability over time even at large distances. Overestimating dispersal distances is also possible. There is always uncertainty in identifying the true source of the trapped spores because of the imperfect distributional knowledge of fungi (Lõhmus 2009 ). In general, the scale and importance of dispersal limitation for cryptic organisms, such as fungi, has become a major point of debate (Peay et al. 2012) .
To derive true dispersal distances from sporetrapping experiments is not simple. The often assumed monotonous distance-decay model may not adequately describe long-distance dispersal of airborne propagules (Kuparinen 2006; Dam 2013) . Wind can transport spores in groups inside discrete air packages over considerable distances (Norros et al. 2012) , and wind conditions, such as turbulences, further elongate dispersal distances (Nathan & Katul 2005) . For example, the abundancebased species composition, determined by DNA methods, of wood-decaying fungi in the spore cloud was similar in a 4-ha old-growth forest and in the surrounding managed forest landscape in Finland up to 20 km (Abrego et al. 2018 ). The lack of distance effect may result from spores building up from many sources, and especially the large mainland populations may be more important sources of spores than the smaller nearby populations, as suggested for bryophytes and lichens (Hylander 2009; Sundberg 2013; Gjerde et al. 2015) . Because airborne spores may lose viability due to UV radiation (Norros et al. 2015) , the spore-cloud composition may give a misleading view of the potential for successful colonization and establishment. However, most spores are released at night (Kramer 1982; Gilbert 2005) , and the nights are long in the northern autumn, which is the main sporeproduction period at least for annual species (Nuss 1986) .
Population genetic studies on fungi do not generally support dispersal limitation from the local to landscape scales. Beyond the 10-km scale the results were mixed. There was little evidence of dispersal limitation for abundant generalist species and some for rare specialists. For rare species, there are indications of genetic differentiation across Fennoscandia (>500 km), but the results on isolation by distance are more ambiguous (Högberg & Stenlid 1999; ). For some rare species, it is suggested that all of Fennoscandia forms a single mating population (Kauserud & Schumacher 2002 , 2003 . The lack of genetic differentiation has also been interpreted as indication of a time lag in the population response to past forest degradation ). Time lag, however, is a problematic concept scientifically because a lack of effect can always be explained as a time lag. The ambiguous results may also result from the use of outdated RAPD and ISSR markers (Rabouam et al. 1999) and investigation of a small number of loci. The only study in which a reasonable number of loci were examined was done in the tropics (Parrent et al. 2004) . Results showed a significant amount of total genetic variation was partitioned among populations separated by tens to hundreds of kilometers.
Real-world documentation of colonization is rare for saproxylics. In one example, the fungus Antrodiella citrinella survived as a relict in two old-growth forest remnants in the Bohemian Forest. After a bark-beetle created high amounts of substrate over thousands of hectares, the fungus colonized new areas over 30 km from the remnants within a decade (Bässler & Müller 2010) . The other example is from a national park in Finland. Two 1-ha fragments, which had been managed previously, were burned as a restoration measure. As a result, the species richness and abundance of red-listed fungi increased beyond prefire conditions . In both examples, there are two possible explanations for the observed increases: either the individuals were already present as mycelia prior to the disturbances, which then promoted fruiting, or the species colonized after the disturbances. In both cases, substrate amount and quality, not restricted dispersal, was the limiting factor. In heavily managed or largely nonforested landscapes, however, a lack of source populations within hundreds of kilometers might be resolved only by reintroduction of threatened beetles and fungi Abrego et al. 2016) .
Knowledge Gaps
The dispersal literature of saproxylics is not extensive but it is growing: 58% of the reviewed studies were from the 21st century; yet, there are significant knowledge gaps relative to different spatial scales and geographical and taxonomic coverage. More targeted research is clearly needed at management-relevant scales (i.e., from kilometers to tens of kilometers). This is particularly true for fungi, but also most insect studies at the managementrelevant scales were conducted at the shorter end of the scale, below 2 km. Most studies were from forest landscapes, so more data are needed from nonforested landscapes in which fragmentation effects may be more pronounced (see Rybicki & Hanski 2013) . Globally, such landscapes are common in many temperate and tropical areas.
Tropical areas are particularly poorly represented among the studies on saproxylics (but see Parrent et al. 2004; Galindo-Cardona et al. 2007; Seibold et al. 2015) , and more studies are urgently needed to aid conservation planning and decision making. Several factors hamper the transferability of knowledge from northern latitudes to tropics. In the tropics, tree decay is faster, which may select for good dispersal ability. Very high tree species diversity, in contrast, may promote generalization and thus poor dispersal. Tropical fungi seem to be generalists in terms of host tree species (Gibertoni et al. 2015) but not necessarily in terms of deadwood types (Urcelay & Robledo 2004 (Gilbert 2005) .
Our take-home messages for researchers are that to disentangle the relative importance of habitat amount, quality, and connectivity, more carefully designed occupancy studies of sufficient extent are needed (Fahrig 2013) ; to better understand the mechanisms behind dispersal, well-designed direct dispersal studies are needed, preferably with several methods that can capture longdistance dispersal (Drag et al. 2011 ; to understand intraspecific variation in dispersal behavior and the influence of landscape on dispersal behavior, dispersal in different regions and years needs to be studied Chiari et al. 2013) ; and to understand dispersal fully, establishment, not just movement (Norros et al. 2015) , needs to be studied. Finally, because of the small study extents and sample sizes, as well as inherent difficulties in detecting dispersal over long distances, longdistance dispersal should not be automatically explained away as something exceptional.
Management Implications
Despite the above-mentioned knowledge gaps, some management implications are apparent. The results of our review suggest that although the dispersal ability up to a landscape scale may not be a limiting factor for most saproxylic insects, fungi in particular, colonization, and establishment may be. Because colonization and establishment are linked to habitat amount and quality, the fundamental question in conservation is not if connectivity sensu strict is important, but what is its relative importance in relation to habitat amount and quality. Managers and scientists must recognize those situations in which connectivity deserves particular attention (Fahrig 2013) . Connectivity could be important if there is a high probability of local extinction due to demographic or environmental stochasticity (e.g., in small woodland key habitats; Nordén et al. 2013) . However, saproxylic populations in most protected-area networks are not characterized by dynamic equilibrium of colonizations and extinctions in ecological time scales. For example, many saproxylic beetles (Horion 1953; Brechtel & Kostenbader 2002; Buse 2012; Soldati et al. 2015) and fungi (Penttilä et al. 2006; Bässler & Müller 2010 ) have persisted for decades or centuries in reserves and in isolated fragments.
Even if demographic and environmental stochasticity were important, the best way to counteract their adverse effects would be to establish large and good-quality conservation areas or to improve habitat quality through restoration and management. Such large and good-quality reserves may enhance long-distance dispersal more than the nearby fragments, as shown for wind-dispersed tree epiphytes (Hylander 2009; Sundberg 2013; Gjerde et al. 2015) . Epiphytes share similar sexual (ascospore and gamete) dispersal ecology with saproxylic fungi, so a lot can be learned from these studies. Because epiphytes typically occupy living and moribund veteran trees, they are negatively affected by forest management; hence, the general management implications of our findings for fungi may apply to these species as well. Large reserves would also maintain genetic diversity; however, connectivity is rarely an issue in conservation of genetic diversity because very little long-distance dispersal is adequate to maintain genetic heterogeneity (Trakhtenbrot et al. 2005 ). Finally, due to the restricted distribution of many tropical species (for saproxylics see Araujo et al. 2015; Gibertoni et al. 2015) , connectivity of conservation areas may be less important for saproxylic species in the tropics than in the more homogeneous boreal and temperate regions.
Our motivation for this review was the lack of a summary of the dispersal ability of saproxylic species, despite dispersal's pivotal role in practical connectivity conservation. We found that the evidence on dispersal is limited in many ways and there are several sources of error in documenting long-distance dispersal. Our review suggests, together with the recent evidence from other rare forestdwelling taxa (Gjerde et al. 2015; Ronnås et al. 2017) , that long-distance dispersal deserves closer scrutiny. The potentially underestimated dispersal ability of saproxylics may lead to adverse management decisions if habitat amount and quality are sacrificed for spatial arrangement of reserves, stepping stones, and corridors. There is little empirical evidence that the spatial arrangement of habitat will have significant effects on landscape-level persistence of any species (Fahrig 2013) . Habitat amount and quality are also more certain to increase population sizes and numbers of dispersers than are increases in aggregation (Hodgson et al. 2009 ). Because the total habitat amount and mean connectivity (however defined) in a landscape are interwoven, increasing the amount of habitat will almost invariably increase connectivity. Our view is that conservation managers should focus on retaining, creating, and maintaining high-quality habitat not only in conservation of saproxylics but also in other species groups and ecosystems.
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